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® An interleaver (34) processes information in a 
pseudorandom order to provide pseudorandom inter- 
leaved data for communication to a deinterleaver 
(42). The pseudorandom interleaved data is pro- 
cessed at the deinterleaver (42) in a pseudorandom 
order corresponding to that used at the interleaver 
(34) means, to recover the original information. The 
pseudorandom processing at the deinterleaver is 
synchronized with the pseudorandom processing at 
the interleaver on a trial and error basis. In one 
embodiment, full synchronization occurs when a 
Viterbi decoder (44) receiving data from the deinter- 



leaver has a renormalization rate within a designated 
threshold and when enough synchronization words 
are detected in data output from the deinterleaver to 
meet a predetermined criterion. In another embodi- 
ment, a timer is used to initiate a new starting 
address for the pseudorandom processing at the 
deinterleaver during successive time intervals. Syn- 
chronization is achieved when a start address is 
found that results in the detection of enough syn- 
chronization words in data output from the deinter- 
leaver to meet a predetermined synchronization cri- 
terion. 
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BACKGROUND OF THE INVENTION 

The present invention relates to the comnnu- 
nication of digital data and more particularly to a 
pseudorandom convolutional interleaving technique 
and the synchronization of a convolutional deinter- 
leaver. 

Digital data can be connmunicated using var- 
ious well known techniques. In some communica- 
tion schemes, the data is encoded before transmis- 
sion to provide "symbols" that are transmitted to a 
receiver, which decodes the symbols to recover 
the desired data. 

In certain instances, the data channel over 
which data is communicated exhibits mutually de- 
pendent signal transmission impairments. An ex- 
ample of such a channel is one that fades in and 
out over time. Another type of impairment known 
as "multipath" occurs when signals arrive at a 
receiver over two or more paths of different 
lengths. The result is that the signals arrive out of 
phase with each other, distorting the cumulative 
received signal. 

Switching noise and other burst noise can also 
appear on communication channels and degrade 
the performance of the communications equipment. 
All such time-correlated channel impairments result 
In a statistical dependence among successive data 
symbol transmissions. Thus, the disturbances tend 
to cause errors that occur in bursts, instead of 
isolated errors during a transmission. One tech- 
nique for reducing such errors is the use of time 
diversity or "interleaving." 

Interleaving digital data (e.g.. codeword sym- 
bols representing coded information) before trans- 
mission and deinterleaving the data after reception 
causes bursts of channel errors to be spread out in 
time. This enables the receiver to treat the errors 
as if they were random errors. Thus, the idea 
behind the technique of interleaving is to separate 
successive symbols in time. The intervening tinnes 
are filled by other symbols. Separating the symbols 
in time enables known random error correcting 
codes to be useful in correcting burst noise errors. 

Various techniques are known for decoding 
transmitted symbols. One such technique is the 
well known Viterbi decoding algorithm, which uses 
the trellis structure of a convolutional code and 
systematically exploits the periodic remerging of 
the trellis paths to determine the survivors. For any 
convolutional code, the output of a Viterbi decoder 
is a sequence of estimated information digits which 
is maximum likelihood conditioned upon the re- 
ceived sequence. The Viterbi decoding algorithm Is 
particularly suitable for decoding symbols transmit- 
ted over satellite channels. The Viterbi algorithm Is 
explained in detail in G. D. Forney, Jr., "The Viterbi 
Algorithm, " Proceedings of the IEEE , Vol. 61, No. 



3. March 1973. 

Conventional interleavers and deinterleavers 
are addressed sequentially. This means that the 
codeword symbols are input to the interleaver input 

5 ports and output from the interleaver output ports 
in an orderly, sequential fashion. Likewise, the in- 
terleaved symbols received via the communica- 
tions channel are input to the deinterleaver input 
ports and output from the deinterleaver output 

10 ports in the same orderly sequential manner. A 
problem with this arrangement is that even when a 
sequentially addressed deinterleaver is not syn- 
chronized with the corresponding interleaver, it can 
still output runs of correctly deinterleaved symbols. 

75 If these runs are long enough, a Viterbi decoder 
following the deinterleaver may indicate false syn- 
chronization. In addition, an interleaver that is ad- 
dressed sequentially can be defeated by interfer- 
ence that is pulsed at the same period as the 

20 Interleaver address cycle. Such a situation will 
compromise the accuracy of the communication 
system. 

It would be advantageous to provide an inter- 
leaving system that avoids the problems of false 

25 synchronization noted above, it would be further 
advantageous to provide a randomly addressed 
interleaver/deinterleaver structure, with a simple yet 
effective means for synchronizing the addressing of 
the deinterleaver to the addressing used at the 

30 interleaver. The present invention provides a syn- 
chronization scheme for use in a pseudorandom 
interleaver/deinterleaver structure which enjoys 
these advantages. 

35 SUMMARY OF THE INVENTION 

In accordance with the present invention, a 
method and apparatus are provided for commu- 
nicating interleaved data. Data is written into a 

40 plurality of input ports of an interleaver, such as a 
convolutional interleaver, In a sequential order. Data 
is read from a plurality of output ports of the 
interleaver in a pseudorandom order to provide the 
data in a pseudorandom Interleaved format. The 

45 pseudorandom interleaved data is communicated 
to a corresponding deinterleaver for input to a 
plurality of input ports in the pseudorandom order 
commencing at a first one of the input ports. A 
plurality of output ports of the deinterleaver is mon- 

50 itored in the sequential order to detect a first syn- 
chronization condition. In the event that the first 
synchronization condition is not detected, the inter- 
leaved data is input to the deinterleaver in the 
pseudorandom order commencing at different input 

55 ports until the first synchronization condition is de- 
tected. 

In an illustrated embodiment, data written Into 
the input ports of a convolutional Interleaver in- 
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eludes periodic synchronization words. The first 
synchronization condition occurs when a Viterbi 
decoder receiving data fronn the deinterleaver has a 
renormalization rate within (e.g., below) a desig- 
nated threshold. A second synchronization con- 
dition occurs when enough synchronization words 
are detected in data output from the deinterleaver 
to meet a predetermined criterion. For example, 
the criterion could be met when a designated num- 
ber of successive synchronization words are de- 
tected over a certain time period in data output 
from the deinterleaver. 

In a preferred embodiment, the renormalization 
rate threshold of the Viterbi decoder is raised when 
said second synchronization Is met. In the event 
that said second synchronization condition is no 
longer met at some subsequent time, the renor- 
malization rate threshold of the Viterbi decoder is 
lowered. 

In another embodiment, data is written into a 
plurality of input ports of an interieaver in a 
pseudorandom order. Data is read from a plurality 
of output ports of the interieaver in a sequential 
order to provide the data in a pseudorandom inter- 
leaved format. The pseudorandom interleaved data 
is communicated to a corresponding deinterleaver 
for input to a plurality of input ports in said sequen- 
tial order commencing at a first one of the input 
ports, A plurality of output ports of the deinterleaver 
is monitored in the pseudorandom order to detect a 
first synchronization condition. In the event that the 
first synchronization condition is not detected, data 
is output from the deinterleaver in the pseudoran- 
dom order commencing at different output ports 
until the first synchronization condition is detected. 
As with the first embodiment, the first synchroniza- 
tion condition can be detected by verifying that a 
Viterbi decoder downstream of the deinterleaver 
has a renormalization rate within a designated 
threshold. Other features of the first embodiment, 
including the use of a second synchronization con- 
dition to control the renormalization rate threshold, 
can also be provided in the alternate embodiment. 

Apparatus in accordance with the invention 
comprises interieaver means for processing infor- 
mation in a pseudorandom order to provide 
pseudorandom interleaved data. Means are pro- 
vided for communicating the pseudorandom inter- 
leaved data to a deinterleaver. The pseudorandom 
interleaved data is processed at the deinterleaver, 
in a pseudorandom order corresponding to that 
used at the interieaver means, to recover the in- 
formation. Means are provided for synchronizing 
the pseudorandom processing at the deinterleaver 
with the pseudorandom processing at the inter- 
ieaver. 

The deinterleaver can comprise a plurality of 
input ports for receiving data In the pseudorandom 



order and a plurality of output ports for outputting 
data in a sequential order. Alternatively, the dein- 
terleaver can comprise a plurality of input ports for 
receiving data in a sequential order and a plurality 

5 of output ports for outputting data in said 
pseudorandom order. The synchronization means 
are responsive to data output from the deinter- 
leaver to detect a first synchronization condition. In 
the event that the first synchronization condition is 

70 not detected, the pseudorandom processing of data 
at the deinterleaver is commenced at different 
ports until the first synchronization condition is de- 
tected. 

The first synchronization condition occurs when 

75 a Viterbi decoder receiving data from the deinter- 
leaver has a renormalization rate within a des- 
ignated threshold. A second synchronization con- 
dition occurs when enough synchronization words 
are detected in data output from the deinterleaver 

20 to meet a predetermined criterion. Means can be 
provided for raising the renormalization rate thresh- 
old when the second synchronization condition is 
met. Means can also be provided for continuing to 
monitor data output from the deinterleaver after the 

25 second synchronization condition occurs. The re- 
normalization rate threshold is lowered in response 
to the data monitoring means if the second syn- 
chronization condition is no longer met. 

Receiver apparatus is provided in accordance 

30 with the invention for recovering information from 
pseudorandom interleaved data. Deinterleaver 
means, coupled to receive the pseudorandom inter- 
leaved data at an input thereof, provides deinter- 
leaved data from an output. A Viterbi decoder is 

35 coupled to receive data output from the deinter- 
leaver means. Means are provided for comparing a 
renormalization rate of the Viterbi decoder to a 
threshold. Means are also provided for detecting 
and counting periodic synchronization words in the 

40 data output from the deinterleaver means. Means 
responsive to the comparing and counting means 
are provided for synchronizing the processing of 
pseudorandom data by the deinterleaver means 
such that the Viterbi decoder has a renormalization 

45 rate within a designated threshold and enough syn- 
chronization words are detected in the deinter- 
leaved data output from the deinterleaver means to 
meet a predetermined criterion. In an illustrated 
embodiment, the deinterleaver means comprise a 

50 convolutionat deinterleaver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a communication 
55 system incorporating the present invention; 

Figure 2 is a diagrammatic illustration of a con- 
volutional interleaver/deinterleaver structure; 



5 



EP 0 582 827 A2 



6 



Figures 3a-3d illustrate, in diagrammatic form, 
an example of a simple convolutional four regis- 
ter interleaver being loaded by a sequence of 
code symbols; 

Figure 4 is a diagrammatic illustration of a 
pseudorandom interleaver/deinterleaver structure 
in accordance with the present invention; 
Figure 5 is a diagrammatic illustration of an 
alternate embodiment of a pseudorandom inter- 
leaver/deinterleaver In accordance with the 
present invention; and 

Figure 6 is a block diagram illustrating the syn- 
chronization structure of a deinterleaver in ac- 
cordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a pseudoran- 
dom interleaver/deinterleaver wherein the deinter- 
leaver is synchronized with the interleaver based 
on the renormalization rate of a Viterbi decoder and 
the detection of synchronization words in the dein- 
terleaver output stream. 

Figure 1 illustrates a basic communication sys- 
tem using interleaving. Data to be transmitted Is 
input at a terminal 30 for encoding by an encoder 
32. Various types of encoders are well known, 
including those that employ concatenated coding 
schemes using, for example, a convolutional or 
trellis code as an inner code and a t-error-correct- 
ing "Reed-Solomon" code as an outer code. See, 
e.g., G. C. Clarke. Jr. and J. B. Cain, "Error- 
Correction Coding for Digital Communications," 
Plenum Press, New York, 1981 and S, Lin and D. 
J. Costello, Jr., "Error Control Coding: Fundamen- 
tals and Applications," Prentice-Hall, Englewood 
Cliffs, New Jersey, 1983. 

The output of encoder 32 comprises codeword 
"symbols" that are input to an interleaver 34 where 
the codeword symbols are separated in time. Inter- 
leaving the coded message before transmission 
and deinterleaving after reception causes bursts of 
channel errors to be spread out in time, and there- 
fore handled by the decoder as if they were ran- 
dom errors. This technique is useful in substantially 
reducing the error rate of a properly reconstructed 
received signal. 

The interleaved symbols output from inter- 
leaver 34 are modulated in a conventional modula- 
tor 36 and transmitted in the radio frequency (RF) 
domain via a conventional communications channel 
38. The modulated RF signal is received by a 
receiver that contains a conventional demodulator 
40 that recovers the transmitted symbols. A dein- 
terleaver 42 deinterleaves the symbols from de- 
modulator 40, and outputs the deinterleaved data to 
a decoder 44. Where a trellis inner code was used 
at the encoder 32, decoder 44 can include a well 



known Viterbi decoder for use in recovering the 
original data input at terminal 30. In accordance 
with the present invention, synchronization detec- 
tion subsystem 46 receives a control signal on line 

5 48 from the Viterbi decoder indicative of the renor- 
malization rate of the Viterbi decoder internal path 
metrics. The renormalization rate is an indicator of 
synchronization of those elements (e.g.. the con- 
volutional deinterleaver) preceding the Viterbi de- 

10 coder, as well as an indicator of the synchroniza- 
tion of the Viterbi decoder itself. Every time the 
renormalization rate exceeds a preset threshold, 
the control signal is output to synchronization de- 
tection subsystem 46 via control line 48. The syn- 

75 chronization detection subsystem 46 also monitors 
the output of the decoder 44 to detect synchroniza- 
tion words contained in the transmitted data. As 
explained in greater detail below, the deinterleaver 
is assumed to be in synchronization with the inter- 

20 leaver when the Viterbi decoder has a renormaliza- 
tion rate within the designated threshold. When 
enough synchronization words are detected in data 
output from the deinterleaver to meet a predeter- 
mined criterion, the renormalization rate threshold 

25 is raised. For example, the criterion could be met 
when no more than a designated number of suc- 
cessive synchronization words are absent from 
data output from the deinterleaver after decoding 
by decoder 44. Or, the criterion could be met when 

30 a designated number of synchronization words are 
detected over a given time period. 

In the event that sync has not been achieved, 
synchronization detection circuitry 46 will output an 
address control signal to deinterleaver 42, causing 

35 the next deinterleaver address to be tested as a 
possible sync state. Once sync is reached, it is 
assumed that the deinterleaver is being properly 
addressed, allowing proper recovery of the trans- 
mitted data. 

40 A particular interleaver structure known as a 

convolutional interleaver is illustrated in Figure 2. 
An interleaver generally designated 52 interleaves 
symbols input at terminal 50 for communication to 
a deinterleaver generally designated 56 via a com- 

45 munication channel 54. The symbols are shifted 
into a bank of N registers 60, 62, 64, ... 66. 68 via a 
commutator 51. Those skilled in the art will appre- 
ciate that commutator 51 is easily implemented 
using conventional digital hardware components. 

50 Each successive register in the interleaver provides 
J symbols more storage than does the preceding 
one. With each new symbol, the commutator 51 
switches to a new register, and the oldest symbol 
in that register is shifted out for communication 

55 over channel 54 via another commutator 53. At the 
same time, the new symbol is shifted into the 
register. After the Nth register, the commutator 51 
returns to the first register and starts again. 
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Deinterleaver 56 performs the inverse operation 
of interleaver 52. Interleaved synnbols are received 
from the channel 54 via a commutator 55. The 
symbols are shifted into deinterleaver registers 70. 
72. ... 74, 76, 78. A commutator 58 reads the 
symbols from the deinterleaver registers for output 
to a decoder. In order for proper operation, the 
input and output commutators for both interleaving 
and deinterleaving must be synchronized. 

Figures 3a-3d illustrate an example of a simple 
convolutional four-register (J = 1) interleaver being 
loaded by a sequence of code symbols. The syn- 
chronized deinterleaver Is shown simultaneously 
feeding the deinterleaved symbols to the decoder. 
In Figure 3a, symbols 1-4 are being loaded Into the 
interleaver generally designated 80. The "X" nota- 
tion at the outputs represents unknown states. In 
the example of Figures 3a-3d. no delay is provided 
in the first row of the interleaver. Thus, symbol 1 
input at interleaver 80 is Immediately output to 
deinterleaver 84 via commutator switches 82. Each 
of symbols 2, 3 and 4 illustrated in Figure 3a are 
stored in corresponding first delay registers of in- 
terleaver 80. These symbols are not yet shifted out 
to the deinterleaver. 

Figure 3b illustrates the first four symbols shift- 
ed within the registers and the entry of symbols 5- 
8 to the interleaver input. As illustrated, since the 
interleaver and deinterleavers have not yet been 
fully loaded, the outputs of the deinterleaver 84 are 
all unknown states. 

In Figure 3c, symbols 9-12 are shown entering 
the interleaver 80. At this point, the deinterleaver 
84 has been filled with message symbols, but 
nothing useful has yet been output to the decoder. 

In Figure 3d. symbols 13-16 are entering the 
interleaver, and at the output of deinterleaver 84, 
symbols 1-4 are finally being passed to the de- 
coder. The process continues in this manner until 
an entire codeword sequence, in its original prein- 
terleaved form, is presented to the decoder. 

It should be noted that the symbols transmitted 
from interleaver 80 to deinterleaver 84 are not in 
their original order; they are interleaved. This can 
be seen, for example, at the output of interleaver 
80 as depicted in Figure 3d. Although the symbols 
have been input to the interleaver in order, they are 
output from interleaver 80 in the Interleaved order 
13. 10. 7, 4. Thus, burst errors among adjacent 
symbols will be spread out by the interleaver for 
transmission. At the deinterleaver, these symbols 
will be reassembled back into their correct order. 

As noted above, it is imperative that the dein- 
terleaver's commutator arms be synchronized with 
the interleaver's commutator arms. Such synchro- 
nization is provided by the present invention. In 
particular, the renormalization rate of a Viterbi de- 
coder is used to effect different addressing of the 



deinterleaver by an orderly trial and error process 
until synchronization is achieved. 

A first embodiment of the present invention is 
illustrated in Figure 4. The convolutional inter- 
5 leaver/deinterleaver illustrated uses pseudorandom 
addressing, wherein the output commutator arm 
104 of Interleaver 92 and the input commutator arm 
106 of deinterleaver 98 are controlled by a 
pseudorandom (PN) sequence by PN address gen- 

70 erators 94. 96. respectively. Random addressing 
has the advantage that the interleaver will be more 
effective against periodic burst interference. In or- 
der to defeat the interleaver. the interference would 
have to follow the PN sequence, which is highly 

75 unlikely. In a random interleaver. the average spac- 
ing between adjacent symbols approaches the 
fixed spacing produced by a sequentially ad- 
dressed interleaver, as the interleaver depth ap- 
proaches infinity. 

20 Symbols input to interleaver 92 via terminal 90 

are sequentially loaded into registers 100 via input 
commutator arm 91. The pseudorandom interleav- 
ed data output from the interleaver is commu- 
nicated over a communication channel to deinter- 

25 leaver 98, where the symbols are loaded into regis- 
ters 102. Interleaver 92 and deinterleaver 98 to- 
gether comprise N x N registers. Half of the regis- 
ters are in the interleaver and the other half in the 
deinterleaver, such that the interleaver and deinter- 

30 leaver registers are separated along a diagonal line 
as shown. In this manner, each symbol will face the 
same amount of delay as it propagates from the 
input of interleaver 92 to the output of deinterleaver 
98. At the deinterleaver output, an output commuta- 

35 tor arm 108 sequentially retrieves the symbols for 
input to a Viterbi decoder. 

It has been found that when a sequentially 
addressed deinterleaver is not in sync with the 
corresponding interleaver, it can output runs of 

40 correctly deinterleaved symbols. If these runs are 
long enough, the Viterbi decoder can indicate false 
sync. The present invention solves this problem by 
addressing the interleaver in a pseudorandom fash- 
ion. As a result, the runs of correctly deinterleaved 

45 signals when the interleaver and deinterleaver are 
not in synchronization are minimized, so that the 
Viterbi decoder does not indicate false sync. 

Figure 6 illustrates the steps involved in syn- 
chronizing the deinterleaver to the interleaver in 

50 accordance with the present invention. Data from 
the Viterbi decoder is input via terminal 120 to a 24 
bit shift register 126. The synchronization control 
signal from the Viterbi decoder (i.e., the control 
signal indicating that the Viterbi renormalisation 

55 rate has exceeded a preset threshold) is input at 
terminal 122. A state machine 130 determines 
when the Viterbi sync is indicating that the renor- 
malization rate has exceeded its threshold. Upon 
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this occurrence, state machine 130 signals the 
deinterleaver to cause the next deinterleaver ad- 
dress to be tested as a possible synchronization 
state. Thus, for example, If the deinterleaver Input 
commutator 106 (Figure 4) commences writing the 
interleaver data in the pseudorandom sequence to 
Input path 101. and synchronization is not 
achieved, the system will attempt to achieve syn- 
chronization by commencing the pseudorandom 
sequence at input line 103. If this does not achieve 
synchronization, the deinterleaver will again try to 
achieve synchronization by commencing the 
pseudorandom sequence at input line 105. This 
process continues by addressing the different input 
lines of the deinterleaver on an orderly trial and 
error basis until synchronization is finally achieved. 

In order to detect the synchronization con- 
dition, n-bit sync words comprising consecutive m- 
bit symbols are periodically transmitted and de- 
tected by comparator 128 (Figure 6). The sync 
word is stored in nonvolatile memory 124, e.g., a 
read-only memory (ROM). The data from the 
Viterbi decoder is input to an n-bit shift register 126 
via input terminal 120 and continuously compared 
by comparator 128 to the sync word stored in 
memory 124. In a specific embodiment, 24-b(t sync 
words comprised of 4-bit symbols are transmitted 
about five percent of the time. Those skilled in the 
art will appreciate that these specific parameters 
are in no way critical, and the selection of the sync 
bit and symbol lengths as well as the frequency at 
which the sync words are transmitted will depend 
upon the particular throughput and overhead re- 
quirements of the system, with a view toward mini- 
mizing Instances where the system incorrectly 
identifies a random bit pattern as a sync word. 

Once the Viterbi decoder's renormalization rate 
control line indicates to the state machine that the 
renormalization rate is within an acceptable range 
(e.g., below a predetermined threshold), the state 
machine will lock the addressing of the deinter- 
leaver at its current state. The state machine will 
then count how many sync words are detected in 
the data from the Viterbi decoder. If enough syn- 
chronization words are detected to meet a pre- 
determined criterion, the state machine will raise 
the renormalization rate threshold of the Viterbi 
decoder to prevent the Viterbi decoder from falsely 
indicating that the system is out of sync. If the 
state machine subsequently determines that 
enough synchronization v/ords are not being de- 
tected in the data output from the Viterbi decoder 
to meet the predetermined condition, it lowers the 
renormalization rate threshold of the Viterbi de- 
coder so that synchronization can be reacquired. 

One criterion for determining whether enough 
synchronization words are detected in the data 
from the Viterbi decoder is to provide a symbol 



timing clock signal to the state machine via termi- 
nal 132. This signal specifies a time period over 
which a given number of sync words should be 
detected. For example, if ten synchronization words 

5 are normally transmitted during a time "window" 
specified by the symbol timing clock signal, the 
predetermined criterion can be set to assume that 
synchronization has been achieved if eight syn- 
chronization words are detected during the window. 

70 In a somewhat different embodiment, the pre- 

determined criterion can be met if no more than a 
designated number of successive synchronization 
words are absent from the data output by the 
Viterbi decoder. In this embodiment, if the des- 

75 ignated number of synchronization words In a row 
are not detected, the renormalization rate threshold 
is returned to its acquisition value and reacquisition 
occurs. 

The specific number of synchronization words 
20 to be detected in order to meet the predetermined 
criterion is determined by the system requirements 
for acquisition time, detection/false alarm probabil- 
ities, and overhead. The lowering of the Viterbi 
decoder threshold by the state machine enables 
25 reacquisition of proper synchronization in the event 
that the symbol error rate increases to an unaccep- 
table level. 

The use of the Viterbi decoder renormalization 
rate to effect synchronization in accordance with 
30 the present invention reduces synchronization time. 
This is due to the fact that many deinterleaver 
addresses can be tried in a short period of time. 
The state machine will continue to try new ad- 
dresses until the predetermined renormalization 
35 rate threshold is met. Typically, the renormalization 
rate of a Viterbi decoder is measured over 256 
symbols. The memory of the Viterbi decoder is 
typically five constraint lengths (v). Thus, a new 
deinterleaver address can be tried every 256 + 5 v 
40 symbols. For example, if v is 6 (a 64 state Viterbi 
decoder) and the symbol rate is 5 MHz, a new 
address can be tried every 57.2 microseconds. 
Advantageously, no constraint is placed on the 
timing of the sync word with respect to the inter- 
ns leaver address cycle. Also, no constraint is placed 
on the interleaver address cycle with respect to 
other system timing. 

An alternate embodiment of a pseudorandom 
interleaver/deinterleaver in accordance with the 
50 present invention is illustrated in Figure 5. In this 
embodiment, instead of performing the pseudoran- 
dom processing at the output of the interleaver and 
the input to the deinterleaver. the pseudorandom 
addressing is provided at the input of the inter- 
55 leaver by PN address generator 110 and at the 
output of the deinterleaver by PN address gener- 
ator 114. The output of the interleaver and input of 
the deinterleaver are both sequentially addressed. 
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Apart from these differences, the operation of the 
embodiment of Figure 5 is the same as the em- 
bodiment of Figure 4. 

In the embodiments described above, synchro- 
nization relies in part on the renormalization rate of 5 
a Viterbi decoder. In another embodiment, synchro- 
nization can be achieved in the absence of a 
Viterbi decoder. Specifically, in a concatenated 
coding system, an Interleaver (detnterleaver) is 
placed between the inner and outer encoder (de- io 
coder) to break up bursts of errors into the outer 
decoder caused by the inner decoder. A timer is 
provided to try a new starting deinterleaver address 
after a predetermined time interval has elapsed. 
New addresses are tried at the beginning of each 75 
new time period, until enough synchronization 
words are detected in data output from the deinter- 
leaver. At this point, the timer is disabled. In the 
event that the predetermined criterion is no longer 
met, the timer will be restarted to reacquire syn- 20 
chronization by trying new starting deinterleaver 
addresses. 

The predetermined time interval established by 
the timer is equal to the period of the sync word 
transmission. Accordingly, a system in accordance 25 
with the timer embodiment may not run as fast as 
the method employing a Viterbi decoder, unless 
the synchronization words are transmitted at a high 
rate. This is due to the fact that only one address 
is tried between synchronization words, whereas in 30 
the Viterbi decoder method, several addresses can 
be tried between synchronization words. 

As with the embodiment employing a Viterbi 
decoder, the timer implementation benefits from 
using random addressing. Specifically, even when 35 
not properly synchronized, the deinterleaver can 
output runs of correctly deinterleaved symbols, 
which could be detected as valid synchronization 
words if the synchronization word size is not long 
enough. This would cause the deinterleaver to re- 4o 
main in a false synchronization state. This problem 
can be solved by making the synchronization word 
as large as the interleaver address cycle (in sym- 
bols), a solution that is not usually desirable. As an 
alternative, the problem can be solved by position- 45 
ing the sync word across the interleaver address 
cycles. By using random addressing, no constraint 
is placed on the position of the sync word, and the 
false sync problem can be accommodated without 
increasing system complexity. so 

It should now be appreciated that the present 
invention provides a method and apparatus for 
communicating interleaved data. An interleaver and 
deinterleaver are addressed on a pseudorandom 
basis. Data output from the deinterleaver is mon- 55 
itored (e.g., after decoding) to detect synchroniza- 
tion. In an embodiment utilizing a Viterbi decoder 
at the output of the deinterleaver, the renormaliza- 



tion rate of the Viterbi decoder is used in combina- 
tion with the detection of synchronization words to 
obtain synchronization. If the Viterbi renormalization 
rate indicates that the deinterleaver is not in sync 
with the interleaver, a new starting address is tried 
for the pseudorandom input or output of data 
to/from the deinterleaver. If the renormalization rate 
indicates that synchronization may have been 
achieved, the data output from the deinterleaver is 
monitored to detect synchronization words. If the 
deinterleaver is properly deinterleaving the re- 
ceived data, the synchronization words will be de- 
tected. If enough synchronization vyords are de- 
tected to meet a predetermined criterion, synchro- 
nization is assumed and the renormalization rate 
threshold is substantially increased to prevent the 
Viterbi decoder from indicating a nonsynchronized 
condition. 

The output of the deinterleaver is continuously 
monitored, and in the event that enough synchro- 
nization words are subsequently not detected to 
meet the predetermined criterion, the renormaliza- 
tion rate threshold of the Viterbi decoder is lowered 
so that synchronization can be reacquired. In this 
manner, the Viterbi decoder controls the address- 
ing of the deinterleaver on an orderly trial and error 
basis to obtain the proper starting address for 
synchronization. 

Although the invention has been described in 
connection with various specific embodiments, 
those skilled in the art will appreciate that various 
adaptations and modifications may be made there- 
to without departing from the spirit and scope of 
the invention as set forth in the claims. 

Claims 

1. A method for communicating interleaved data 
comprising the steps of; 

writing data into a plurality of input ports of 
an interleaver in a sequential order; 

reading data from a plurality of output 
ports of said interleaver in a pseudorandom 
order to provide said data in a pseudorandom 
interleaved format; 

communicating the pseudorandom inter- 
leaved data to a deinterleaver for input to a 
plurality of input ports in said pseudorandom 
order commencing at a first one of said input 
ports; 

monitoring a plurality of output ports of 
said deinterleaver in said sequential order to 
detect a first synchronization condition and. in 
the event that said first synchronization con- 
dition is not detected. 

inputting said interleaved data to said dein- 
terleaver in said pseudorandom order com- 
mencing at different input ports until said first 
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synchronization condition is detected. 

A method in accordance with claim 1 wherein 
said first synchronization condition occurs 
when: 5 

a Viterbi decoder receiving data from said 
deinterleaver has a renormalization rate within 
a designated threshold, 

A method in accordance with claim 2 wherein io 
the data written into the input ports of said 
interleaver includes periodic synchronization 
words, and a second synchronization condition 
occurs when enough synchronization words 
are detected in data output from said deinter- 75 
leaver to meet a predetermined criterion, said 
method comprising the further step of: 

raising said renormalization rate threshold 
when said second synchronization condition 
occurs. 20 

A method in accordance with claim 3 compris- 
ing the further steps of: 

continuing to monitor data output from said 
deinterleaver after said second synchronization 25 
condition occurs; and 

lowering said renormalization rate thresh- 
old if said predetermined criterion is no longer 
met. 

30 

A method in. accordance with claim 1 wherein: 
the data written into the input ports of said 
interleaver includes periodic synchronization 
words; and 

said inputting step commences the input 35 
of said interleaved data at different input ports 
during successive time intervals until a starting 
input port is found that results in the detection 
of enough of said synchronization words in 
data output from said deinterleaver to meet a 40 
predetermined synchronization criterion. 

A method for communicating interleaved data 
comprising the steps of: 

writing data into a plurality of Input ports of 45 
an interleaver in a pseudorandom order; 

reading data from a plurality of output 
ports of said interleaver in a sequential order to 
provide said data In a pseudorandom inter- 
leaved format; so 

communicating the pseudorandom inter- 
leaved data to a deinterleaver for input to a 
plurality of input ports in said sequential order 
commencing at a first one of said input ports; 

monitoring a plurality of output ports of 55 
said deinterleaver in said pseudorandom order 
to detect a first synchronization condition and, 
in the event that said first synchronization con- 



dition is not detected, 

outputting data from said deinterleaver in 
said pseudorandom order commencing at dif- 
ferent output ports until said first synchroniza- 
tion condition is detected. 

7. A method in accordance with claim 6 wherein 
said first synchronization condition occurs 
when: 

a Viterbi decoder receiving data from said 
deinterleaver has a renormalization rate within 
a designated threshold. 

8. A method in accordance with, claim 7 wherein 
the data written into the input ports of said 
interleaver includes periodic synchronization 
words, and a second synchronization condition 
occurs when enough synchronization words 
are detected in data output from said deinter- 
leaver to meet a predetermined criterion, said 
method comprising the further step of: 

raising said renormalization rate threshold 
when said second synchronization condition 
occurs. 

9. A method in accordance with claim 8 compris- 
ing the further steps of: 

continuing to monitor data output from said 
deinterleaver after said second synchronization 
condition occurs; and 

lowering said renormalization rate thresh- 
old if said predetermined criterion is no longer 
met. 

10. A method in accordance with claim 6 wherein: 

the data written into the input ports of said 
interleaver includes periodic synchronization 
words; and 

said outputting step commences the out- 
put of data at different output ports during 
successive time intervals until a starting output 
port is found that results in the detection of 
enough of said synchronization words in data 
output from said deinterleaver to meet a pre- 
determined synchronization criterion. 

11. Apparatus for communicating interleaved data 
comprising: 

interleaver means for processing informa- 
tion in a pseudorandom order to provide 
pseudorandom interleaved data; 

means for communicating the pseudoran- 
dom interleaved data to a deinterleaver; 

means for processing the pseudorandom 
interleaved data at said deinterleaver. in a 
pseudorandom order corresponding to that 
used at said interleaver means, to recover said 
information; and 



15 



EP 0 582 827 A2 



16 



means for synchronizing the pseudoran- 
dom processing at said deinterleaver with the 
pseudorandom processing at said interleaver. 

12. Apparatus in accordance with claim 11 
wherein: 

said deinterleaver comprises a plurality of 
input ports for receiving data in said 
pseudorandom order and a plurality of output 
ports for outputting data in a sequential order; 

said synchronizing means are responsive 
to data output from said deinterleaver to detect 
a first synchronization condition; and 

In the event that said first synchronization 
condition is not detected, the pseudorandom 
input of data to said deinterleaver is com- 
menced at different input ports until said first 
synchronization condition is detected. 

13. Apparatus in accordance with claim 12 wherein 
said synchronization condition occurs when: 

a Viterbi decoder receiving data from said 
deinterleaver has a renormalization rate within 
a designated threshold. 

14. Apparatus in accordance with claim 13 wherein 
the data written into the input ports of said 
interleaver includes periodic synchronization 
words, and a second synchronization condition 
occurs vyhen enough synchronization words 
are detected in data output from said deinter- 
leaver to meet a predetermined criterion, said 
apparatus further comprising: 

means for raising said renormalization rate 
threshold when said second synchronization 
condition occurs. 

15. Apparatus in accorcf&nce with claim 14 further 
comprising: 

means for continuing to monitor data out- 
put from said deinterleaver after said second 
synchronization condition occurs; and 

means for lowering said renormalization 
rate threshold if said predetermined criterion is 
no longer met. 

16. Apparatus in accordance with claim 11 
wherein: 

said deinterleaver comprises a plurality of 
input ports for receiving data in a sequential 
order and a plurality of output ports for output- 
ting data in said pseudorandom order; 

said synchronizing means are responsive 
to data output from said deinterleaver to detect 
a first synchronization condition; and 

in the event that said first synchronization 
condition is not detected, the pseudorandom 
output of data from said deinterleaver is com- 



menced at different output ports until said first 
synchronization condition is detected. 

17. Apparatus in accordance with claim 16 wherein 
5 said synchronization condition occurs when: 

a Viterbi decoder receiving data from said 
deinterleaver has a renormalization rate within 
a designated threshold. 

10 18. Apparatus in accordance with claim 17 wherein 
the data written into the input ports of said 
interleaver includes periodic synchronization 
words, and a second synchronization condition 
occurs when enough synchronization words 

75 are detected in data output from said deinter- 

leaver to meet a predetermined criterion, said 
apparatus further comprising: 

means for raising said renormalization rate 
threshold when said second synchronization 

20 condition occurs. 

19. Apparatus in accordance with claim 18 further 
comprising: 

means for continuing to monitor data out- 
25 put from said deinterleaver after said second 

synchronization condition occurs; and 

means for lowering said renormalization 
rate threshold if said predetermined criterion is 
no longer met. 

30 

20. Apparatus in accordance with one of claims 1 1 
to 19 wherein: 

said interleaver means comprise a con- 
volutional interleaver; and 
35 said deinterleaver comprises a con- 

volutional deinterleaver. 

21. Receiver apparatus for recovering information 
from pseudorandom interleaved data compris- 

40 ing: 

deinterleaver means, coupled to receive 
said pseudorandom interleaved data at an in- 
put thereof, for providing deinterleaved data 
from an output: 
45 a Viterbi decoder coupled to receive data 

output from said deinterleaver means; 

means for comparing a renormalization 
rate of said Viterbi decoder to a threshold; 

means for detecting and counting periodic 
50 synchronization words in the data output from 

said deinterleaver means; and 

means responsive to said comparing and 
counting means for synchronizing the process- 
ing of pseudorandom data by said deinter- 
55 leaver means such that said Viterbi decoder 

has a renormalization rate within a designated 
threshold and enough synchronization words 
are detected in data output from said deinter- 
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leaver to meet a predetermined criterion. 

22. Apparatus In accordance with claim 21 further 
comprising: 

means for raising said renormaiization rate 5 
threshold when said predetermined criterion is 
met, 

23. Apparatus In accordance with claim 22 further 
comprising: io 

means for continuing to monitor data out- 
put from said deinterleaver means after said 
renormaiization rate threshold Is raised by said 
raising means; and 

means responsive to said monitor means 75 
for lowering said renormaiization rate threshold 
if said predetermined criterion is no longer 
met. 

24. Apparatus in accordance with one of claims 21 20 
to 23 wherein said deinterleaver means com- 
prise a convolutlonal deinterleaver. 
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